The 
Introduction
The solution of the relativistic Dirac equation for quantum mechanical systems in cases of both spatially dependent mass and constant mass plays an important role in many branches of physics [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . The Dirac equation with position dependent masshas attracted greater interest as its importance has been recognised [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . This equation has been addressed for solvable potentials by a number of different methods [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Ciftci et al. [31] [32] [33] recently proposed an alternative method, the asymptotic iteration method (AIM) which draws the attention of a many researchers for relativistic equations [34] [35] [36] [37] [38] [39] [40] . This method has the advantage of obtaining the solution of an eigenvalue problem without needing to obtain a direct solution to the differential equation. The Dirac equation with first order differential with two dimensional (2D) Coulomb potential for constant mass, [41] [42] [43] [44] [45] [46] [47] and for spatially dependent mass, [48] has been solved by using AIM. M. Hamzavi and collaborators [48] have considered the Coulomb potential including a Coulomb-like tensor potential under the pseudospin symmetry limit. The main purpose of this study is to solve the spectrum of Coulomb potential for position dependent mass in the case of the Dirac equation without Coulomb-like tensor potential. This will be approached by considering the relation between vector and scalar potential as S( ) = V ( )( − 1) where is an arbitrary parameter [37, 38] . The second section includes the formalism of the Dirac equation with position dependent mass. The asymptotic iteration method is introduced in Section 3. The calculation of eigenvalues and eigenfunctions of Coulomb potential is then outlined in the subsequent section. The last section devotes to conclusions.
Formalism of the Dirac equation
The Dirac equation for a central field in 3-dimensions is written for spherically symmetric vector potential V ( ) and spherically symmetric scalar potential S( ) by using the parameters¯ = = 1 as
where is the mass of the particle, S( ) is a spherically symmetric scalar potential, V ( ) is a spherically symmetric vector potential, α and β are the usual Dirac matrices satisfying anticommutation relations, and E is the corresponding set of eigenvalues. After some algebraic calculations, one obtains the following first-order linear coupled differential equations (1). Without any approximation, the Dirac equation for a central field in spherical coordinates can be separated into the variables. Thus the eigenfunction of the orbital and spin angular momentum can be found as
where = −( + 1) for the total angular momentum = + 1/2, and is angular momentum quantum number. F ( ) and Q ( ) are the radial wave function of the upper and the lower-spinor components respectively, and the general form of two second-order differential equations for corresponding eigenfunctions are obtained by eliminating wave function F ( ) in Eq. (2) and Q ( ) in Eq. (3) we get 
Asymptotic iteration method
The AIM is proposed to solve the second-order linear differential equation in the for
where the functions λ 0 ( ) and 0 ( ) are differentiable with λ 0 ( ) = 0. The solution of any differential equation which can be written in form of Eq. (6) has a general solution within the framework AIM
where C are integral constants. The arbitrary functions for the limit of are
And the termination condition is in the form of
= 1 2 3 which gives the solution for physical systems.
Solution of the Dirac-Coulomb problem
The Dirac-Coulomb potential is considered by proposing the Coulomb as vector potential and scalar potential
where V 0 is an arbitrary real constant. The Eq. (4) can not be solved analytically because of the effect of the last term ( M( ) − ∆( ) ). Therefore, we calculate the required mass function that satisfies the equality ( M( ) − ∆( ) = 0) to eliminate this effect. Thus, using this equality condition, the mass function is obtained as the following function
where 0 is the rest mass of the fermionic particle and (2 − )V 0 is the perturbed mass [49] . By substituting the potential functions in Eq. (8) and variable mass function in Eq. (9) into Eq. (4), we obtain
At this point, if the following notations are made
the eigenvalues equation transforms to
The wavefunction may be written by using AIM as
Then, by substituting this wavefunction into Eq. (11), we obtain 
Returning to the parameters definition, we have
and this yields
In order to find the corresponding energy eigenfunctions with AIM, we may use the following energy eigenfunction generator 
The upper spinor component of the radial wave function may be written as
(B + + 1)
The lower spinor wave function can be obtained via a similar algebraic calculation. The mass function for lower spinor is calculated as M( ) = ( −2)V + 0 . After an equivalent algebraic procedure, we get the same results for eigenfunctions and eigenvalues with different parameters as
where
These eigenfunctions and eigenvalues agree with the results in [48] after mapping the corresponding parameters with those used in [48] .
Conclusion
The spectrum of the position dependent mass Dirac equation for Coulomb potential has been obtained within the framework of the AIM method without solving the differential equation. The mass function is considered in the form which satisfies the equality condition, M( ) − V ( ) = 0. When the vector potential V ( ) is considered equal (state = 2) to the spherical Scalar potential, the mass function is reduced to a constant mass situation. In the upper spinor wavefunction if > 2 (S( ) > V ( )), the perturbed mass term results in a negative effect in M( ). But in the lower spinor wavefunction, this condition yields a positive effect in M( ). Therefore, by adjusting the parameter , the bound-state solutions for spinor wavefunctions may be calculated by applying AIM and comparing with the corresponding results in [48] .
